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This paper presents the lubrication characteristics between a bush and a blade of a swing compressor that was 
developed for a new type of compressor for an air conditioner using alternative refrigerants. The mixed lubrication 
analysis that simultaneously solved the motion equations of the bush and the blade, the lubrication equation and the 
rough surface contact equation was performed. Moreover, to confirm the validity of the analytical results, the oil 
film condition between the bush and the blade was measured by using the electrical resistance method and the elec-
trostatic capacity method. 
 
NOMENCLATURE 
a: width of blade, m Mc: moment of viscosity friction 
between shaft and piston, N·m 
x1: coordinate, m 
Cb: clearance of bush, m Mg: moment of refrigerant gas, N·m x2: coordinate, m 
Cp: clearance of shaft, m O: center point of cylinder y: coordinate, m 
E: equivalent Young’s module, Pa Ob: center point of rolling bush y1: coordinate, m 
e: eccentricity (=Rc-Ro), m Op: center point of piston y2: coordinate, m 
F1: contact force of upper edge of 
bush in suction side, N 
P0: fluid pressure between bush in 
suction side and cylinder, Pa 
α: attitude angle of piston, rad 
F2: contact force of lower edge of 
bush in suction side, N 
P1: fluid pressure between bush in 
suction side and blade, Pa 
γ1: constant for direction of friction 
between bush and blade 
F3: contact force of upper edge of 
bush in discharge side, N 
P2: fluid pressure between bush in 
discharge side and blade, Pa 
γ 2: constant for direction of friction 
between bush and cylinder 
F4: contact force of lower edge of 
bush in discharge side, N 
P3: fluid pressure between bush in 
discharge side and cylinder, Pa 
ε: eccentricity ratio 
Fbd: contact force between bush in 
discharge side and cylinder, N 
Pbs: contact pressure between bush in 
suction side and cylinder, Pa 
η: viscosity, Pa·s 
h: film thickness between bush in 
suction side and blade, m 
Pc: compression chamber pressure, 
Pa 
θ: rotational angle of shaft, rad 
h0: film thickness of lower edge of 
bush in suction side, m 
Pm: back pressure (=discharge pres-
sure), Pa 
µc: friction coefficient between bush 
and cylinder 
h1: film thickness of upper edge of 
bush in suction side, m 
Ps: suction pressure, Pa µp: friction coefficient between bush 
and blade 
k: slope between bush in suction side pc: contact pressure, Pa σ: composite RMS roughness, m 
and blade 
kc: constant Rb: radius of bush, m φ1: angle, rad 
L: length of sliding surface of blade, 
m 
Rc: radius of cylinder, m φ2: angle, rad 
L0: length between O and Ob, m Ri: inner radius of piston, m φ3: angle, rad 
Lc: width of cylinder slot, m Ro: outer radius of piston, m φ4: angle, rad 
Lg: length of blade in cylinder, m t: time φ5: angle, rad 
Ll: length of lower half of bush, m W: load carrying capacity, N φ6: angle, rad 
Lp: width of piston, m Wx: load carrying capacity in direc-
tion of x2 axis, N 
∆u1: sliding velocity between bush 
and blade, m/s 
Lu: length of upper half of bush, m Wy: load carrying capacity in direc-
tion of y1 axis, N 
∆u2: sliding velocity between bush 
and cylinder, m/s 




The swing compressor was developed for a new type of compressor for an air conditioner using alternative re-
frigerants such as HFC. This compressor consists of the blade combined rigidly with a roller and oscillatory motion 
bushes and they form a compression chamber in a cylinder. The swing compressor aims at improving the lubrication 
condition of the sliding part by getting rid of the sliding part between the roller and the blade of a rolling piston type 
of rotary compressor. However, the quantitative predominance in the lubrication characteristic of the sliding part 
between the blade and the bushes of the swing compressor is not clear yet. 
This paper shows the mixed lubrication analysis method between the bush and the blade of the swing com-
pressor and compares the calculated lubrication characteristics of the swing compressor with that of the rotary com-
pressor [1]. In addition, the measured results of the oil film condition between the bush and the blade were shown to 




Figures 1 and 2 show an analytical model of the swing compressor and the enlarged view of the bush respec-
tively. In this analysis, the following assumptions are made: 
(1) The inertial forces and the viscosity forces that affect the bush and the piston can be neglected. 
(2) The distribution of fluid pressure between the bush and the cylinder and between the blade and the bush in the 
discharge side are the proportion distribution of the refrigerant gas pressure. 
(3) The friction of solid contact part follows the Coulomb's law. 
 
Motion Equations of Bush and Blade 
The balance equations of the forces acting on the bush and the blade are shown as follows: 
(1) The moments acting on the piston: 
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(2) The forces in the directions of the x2 and y1 axes and the moments acting on the bush in the suction side: 
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(3) The forces in the direction of the y1 axis and the moments acting on the bush in the discharge side: 
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The sliding velocity between the bush and the blade is shown as follows: 



















The sliding velocity between the bush and the cylinder is obtained from the following equation: 
α&bRu =∆ 2  (12) 
 
Mixed Lubrication Analysis of Bush 
Between Bush in Suction Side and Blade 
The lubrication characteristics of the sliding part between the bush in the suction side and the blade where 
seems to be under the most sever lubrication condition in the swing compressor were calculated by using the mixed 
lubrication analysis that simultaneously solved the motion equations, the Reynolds one and the contact ones. 




















∂ ηη 1263  (13) 
When the pressure of some sections is negative, that pressure is made to be zero. 
The clearance h between the bush of the suction side and the blade and the time derivative of h are shown as 
follows: 












The contact force F2 of the lower edge of bush in the suction side is calculated from the approximative equa-
tion of Patir and Cheng [3] that is based on the theory developed by Greenwood and Tripp [4]. 
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Between Bush in Suction Side and Cylinder 
The simple mixed lubrication analysis consist of the infinitely long bearing theory of the journal bearing and 
the contact theory was adapted to the sliding part between the bush in the suction side and the cylinder. 
















−+=wK  (19) 
 
The contact pressure Pbs(φ) between the bush in the suction side and the cylinder is calculated from eq. (17). 
 
Procedure of Calculation 
The contact forces of the bush in the discharge were calculated from equations (8)(9). To analyze the lubrica-
tion characteristics between the bush in the suction side and the blade, equations (1)-(7), (10)-(11), (13)-(17) were 
solved simultaneously. The lubrication characteristics between the bush in the suction side and the cylinder were 
shown by solving equations (1)-(7), (10)-(11), (17)-(19). 
 
 
EXPERIMENTAL APPARATUS AND METHOD 
Figure 3 shows the experimental apparatus. The swing compressor used in this experiment is on the market. 
The nitrogen gas was used instead of the refrigerant in order to carry out the experiment easily. The nitrogen gas 
which the compressor sucked in was discharged in the atmosphere after the compression. The discharge pressure 
was adjusted with a backpressure control valve. 
The bush used in this experiment is shown in Fig. 4. In order to measure the electric potential of contact be-
tween the bush in the suction side and the blade, electrodes made of aluminum were buried in the bush. Figure 5 
illustrates the circuit diagram of the electrical potential measurement. The separation voltage and the electric current 
in a contact were set to be 0.25 V and no more than 0.1 A respectively. The shaft angle was measured by the eddy 
current sensor installed in a cylinder. 
 
 
RESULTS AND DISCUSSION 
Analytical Results 
Table 1 shows the dimensions of the swing compressor used in this analysis. The standard condition in this 
simulation is shown in Table 2. Figure 6 illustrates the oil film thickness between the bush in the suction side and 
the blade under the standard condition. The oil film thickness in the both edges of the bush is thin around the shaft 
angle of 0 degrees which signifies the top dead center. On the contrary, the film thickness is thick around the shaft 
angle of 180 degrees. Moreover, Fig.6 indicates that the positive wedge action and the negative one take place from 
the shaft angle of 0 degrees to 180 degrees and from 180 degrees to 360 degrees respectively 
Figure 7 illustrates the effect of oil viscosity on the pcV value of the lower edge of bush in the suction side. 
The pcV value represents the multiplying the solid contact pressure of bush edge by the sliding velocity between the 
bush and the blade as shown in Fig. 8. The pcV value indicates the peak around 60 degrees and 310 degrees where 
the sliding velocity between the bush and the blade shows the peak value. The peak of pcV value increases with a 
decrease in oil viscosity because an increase in the friction between the bush and the cylinder due to a decrease in oil 
viscosity obstructs the motion of bush. 
Figure 9 shows the effect of friction coefficient between the bush and the cylinder on the pcV value of the 
lower edge of bush in the suction side. The peak of pcV value increases with an increase in the friction coefficient 
because the obstruction of the motion of bush by an increase in the friction coefficient increases in the contact pres-
sure at bush edge. 
Figure 10 illustrates the comparison of the pcV value of swing compressor and rotary compressor. The rotary 
compressor has the same cooling ability of the swing compressor [5]. As shown in Fig. 10, the pcV value of swing 
compressor is about one tenth of that of rotary compressor. Accordingly, the lubrication condition of the sliding 
parts in a compressor has been greatly improved. 
 
Experimental Results 
Tables 3 and 4 show the dimensions of the swing compressor used in this experiment and the experimental 
condition respectively. The electric potential of contact between the upper edge of bush in the suction side and the 
blade and that between the lower edge and the blade are shown in Figures 11 and 12 respectively. When the sliding 
part between the bush edge and the blade is in contact, the electric potential of contact indicates 0 V. On the contrary, 
when the sliding part is in non-contact, the electric potential indicates 0.25 V. The upper edge of bush was always in 
non-contact, however the lower edge was in contact between 280 degrees and 10 degrees. These facts mean that the 
film thickness of the lower edge of bush in those angles is thinner than that of the upper edge. 
Figure 13 shows the calculated film thickness between the bush in the suction side and the blade under the ex-
perimental condition. The film thickness of the lower edge of bush is always thinner than that of the upper edge. In 
addition, the film thickness around 0 degrees is thinner than that of around 180 degrees. Therefore, the calculated 




The lubrication characteristics between the bush and the blade of the swing compressor have been demon-
strated by using the mixed lubrication analysis that has solved the motion equations of the bush and the blade and 
the contact ones simultaneously and the experiments using a real swing compressor. 
The results indicated that the pcV value of swing compressor is about one tenth of that of rotary compressor, 
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Fig. 3 Experimental apparatus 
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Table 1 Dimensions of compressor 
Radius of cylinder, Rc 30.0 mm 
Outer radius of piston, Ro 26.8 mm 
Radius of bush, Rb 6.0 mm 
Width of blade, a 4.0 mm 
Width of piston, Lp 10.0 mm 
Table 2 Standard condition in simulation 
Rotational speed of shaft 3,500 rpm 
Refrigerant / Oil R410A / POE 
Discharge / Suction pressure 5.1 MPa / 1.2 MPa 
Viscosity of oil 2.8×10-3 Pa·s 
Refrigerant concentration 19.0 mass% 
Friction coefficient between 
bush and cylinder, µc 
0.15 
Friction coefficient between 












Fig. 6 Film thickness between bush in suction 
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Fig. 10 Comparison of pcV value of swing 
compressor and rotary compressor 
Table 4 Experimental condition 
Refrigerant Nitrogen 
Oil Mineral oil (VG56) 
Oil temperature 35 ℃ 
Discharge / Suction pressure 2.0 MPa / 0.5 MPa 
Rotational speed of shaft 1,700 rpm 
Table 3 Dimensions of compressor 
Radius of cylinder, Rc 22.0 mm 
Outer radius of piston, Ro 16.8 mm 
Radius of bush, Rb 6.0 mm 
Width of blade, a 4.0 mm 












Fig. 11 Electric potential of contact between 












Fig. 12 Electric potential of contact between 











Fig. 13 Calculated film thickness under 
experimental condition 
